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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (I; 1, 2, 3) 
and has windows where the substrate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1, 5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor material (I, 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1,5,51, and 52). 
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m m m 

5 &ffi&& 

**Wt±. B, Al, Ga. In, T 1 tzzmm III Ul7C*©5l>tt< <f: 1 « 
tN, P, As, Sb, B i tZZm$ijVfejcm<D'J>t£ 1«J^ ft* 

III -V^b^W^O^Sj^Slc^^^, #KA#ll^(hexagonal system) 

15 

ifi^> GalnN/Ga N/A 1 G a N*t*4£^T#fe&§^jgc©f&7fc£fr 

IS3il64#(1994 *£3 . 1687-1689 H (Appl. Phys. Lett. , Vol. 64(1994), pp. 
1687-1689 ) (ie*l) &tfJCj5jf£ffl67#(1995 *£9 /!) % 1868-1870 H (Appl. 

20 Phys. Let t., Vol. 67(1995), pp. 1868-1870 ) (fg# 2 ) . ^ + ^-X • i> 
+ —tJU • *7 • 7^7^ K * y 4 V y 9 X|*^34#7A-^-(1995 4f7 £) x L797 
-L799 H (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L797-L799) (12* 3 ) % |h|I£ 
^34^10B ^(1995 4P10J!) % L1332-L1335 H (Jpn. J. Appl. Phys. , Vol.34 
(1995), pp.L1332-L1335) (12*4) 360'(C|h|^34#11B -^(1995 *£11J3) % 

25 L1517-L1519 H (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L1517-L1519) (12* 
5) KfcttSftT^So 

- ©IS* 1 TbM 5 IzfflTji £ tltz^mftgtWlz&M-fZ C d: li N t7 7 ^7 
(Ah O a ) »«±J-±^©^b«5^W*^^/j:S/<v7rJi^Js£L. SIC 
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¥4-29702 3^&n mvicz&ftn&mtzz&Mw-i -3 12350^- 
&mt*<DMfe*mtiimtzzxm&m-5, 290, 393%^) st;w4 

- 3 2 1 2 8 0^£#6lC^7K£ftT^£ o #F^¥4 - 2 9 7 0 2 3^m<^ 
-?2>tC*>lzJ:tUL t77^7SS±{:GaxAl 1-xN (OSxSl) 

5 5^1 oa^«^NW*ji€- cn <fc <9 300-700 t-ejgfifc-r * 

is ^iIA<fbtl5o CO^ilitCl 0 0 0- 1 0 5 0TOMJg^2 

nsssti. z&n&mmtfG a a s m mm&mL<Dtt&3m3k*mir& 

15 &2>Z G - 1 0 1 5 8 7^»{cM^SnTli^o L*>U C<D&#g 

MgAh O, ^NaC 1 S^iMOM g Of ^S^CSffl L. -£©g&±ic 

¥m#ls— »m. Ty°3J K • -7 -f : J y ?X • l^-t&fg68#(1996 ^4 „ 
25 2105-2107 K (Appl.Phys. Lett., Vol. 68(1996). pp. 2105-2107) (12^6) JCT 

±ie^*^{w < kn(±\ 7\2ril& (hexagonal system) ©*§iMlli6<&^?-* 

111 -vmit&m^mfrxtevmTtmtLTN (mm) zstiztwrnnztiz 



WO 97/11518 



3 



PCT/JP96/02663 



5 *i£Cree Research. Inc. tNorth America Phi 11 ipstt£©#HW£te«fc*K 

f^tlfc:i*<> BigiU^ hD^^Xil 9 9 5^12fl4Bf (^6 
5 0f) ^71 (NIKKEI ELECTRONICS 1995. 12.4 (no. 650), pp.7 ) (12*7) 

®jg oaa^ i o 4 cm- 2 ) ^©^-r^cii^or^i^n'So stot, mt® 

15 M^3 7h©±#l>fl$tl5 0 

*?£Hfl£>^ 1 ©Sttti. s\JjBt& (hexagonal system) ©^H^fjt^-W"^ 

in -v«5<b^a^w*xttviS7c*<i:LTN (a*) £#t;c twmmznz 
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HllO*#XttC©»f^tcfik-5 + +UT©55#feL<ti»»* (mobility) 
10 1. I&gft 

*$S9J#©-Ates *tU8B©«5te«l^©»fii<h^5^IB¥7 - 2 3 8 1 4 2 
^oWttcfcut, &©J:?te¥^*i'-lffit?£^LT^6o ^©-#l£- 
121 1 ^tlLTHt-Si, (OOOl)C B^-T^^t^T (a-Ah 0 3 ) 
" l Jhtc. SH l ©g-ffrfcl^ttJl (G a N>< 7 7rI2, nSGaN 

15 *«&ji3) **§SjsfcS£-tK ^f^i©^b«3^{*®±{c|9:^^M^mv^ 

t>tU ZC07&&SVim 1 ©Mtt$PMM*^©±ffi (niG a NftSgftJi 3 © 

M±~) lc. SS 2 ©Slfc«f¥3M*Jl (nIGaN^!5) *<SttfifcS£n*o 
20 tt*>\ g|l Bti^MvX^ 4©¥®£. Ell Ati. IU1 B© A — A' Bfrffi^ 
■to 

BP13k *^#©-A^tilg-rS¥#^^-if^{i. SB 2 ©^h«B^*^Ji 
©SafiKS©«£fefi£««*±a©SKffi«*^flrm-rs nIG a N3te*fcJi 3 ©^ 
SfcRJfcLT. -€-©3^7cW^fi!c^^J65C(!:T% f 2©IWf*l 
25 £*i s &««£«fcS«fc-3iCj»3-g\ *©JdcS£lia<»«lgS 4 ±®(CiiLfcg: 

fi* ©3gfS«^<t»^tfJ LfcSP»©*ffi^<fe««l 4 ±ffitc*f LT?a^|S] 
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P-y hff$!!U ^n^SfiJtS^[Sj{-^K-^LT^iiMm^iSmM (TEM) 

©(ooodc ®±{c^ i <Dmm*mwm. e^^su *w-rs*fe^ 
io 2 ®^b$tf^M*Ji£>— mmf&zn, m^^m^xm i ©g-fb^*** 

&Jgte 1 0 4 ~ 1 0 5 cm- 2 (D$KMi)^Z.tlX<0 t>{£l\> cnt'^L. S i 0 2 <D 

is m^m^xm i o^t^^<*e©±®^ ^sifJ 2 <DmttM*mwm<D 
tgmxm®m\±. cn*xn&znx^2>±oui o 9 ~i o^m-^K^ 
t?*5o e^§si5-e^SL^2cD^b^^®twmt>ns^Pi5 ©«j 
t4 rmu(DRffixm£.u % i (Dm.ikVQ^tt-mznMLxz.vmiz 
At>> *©r<-ws io 2 j^{^fiSc$n^2©^t^^S{-MALx 

20 i^:it*5o ifisihfttf. s i o 2 ±©m2cD^h^#M{^^ns^ 

m^£®*wfxmitm^ftm&i&M:<Dm<Dmf&&mmL. ^^jm^ 

fete. XRSiic«i^riS]{C]l^(c^L. cnm©$A^^^ii5ab^:^tu 
[stiffs ? - yfc?> t h IZV JW&ffigL<D&ikX£> 2>Z.t #<5£M£ titzfiK V fry 
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a&nnc^o m 2 <Dmttamm»m*m&*mmB&±izm*+&msMm m 1 
a, 1 b iz&mm-em-t') x 2 rxD&mzfw & t, mmm±<Dffi&,e>x.mm 

10 ©^®*M^^^®cD^ae?ij(c{ftoT«t^risi (bps. ^M®ic*tLSi::s 
®*M£&<Dmm*mttim.¥mtLxmsfa (bps. mmm.mm±mizmw-n 

dCT. c^tttiAN^S^OjggO^flljt (unit cell ) ©Bg^E?>J*«3£ 

-rs^tt Geatttwns) H2(c*j^x{ic«hiBL^gi«i 

ft^* iLT^IB^nS (a, a 2 $*. a 3 $*k|5HtK3Eie) 0 |g| 2 

t?(i> III (Ga, Alf) £G;*lT\ VWiWF (N, Asf) ^M*."? 

^b^*(*<i:|5H;<7 , N^^©^«|^Wr6/-ci6. -£©(0001)C iUciii: 

a:^s^^®-e*s^<hiigi2^^Bqt > ^^^9 0 A^a^^iui 

25 14. b«U c^(iil^[100] . [010] . [001] ttS»&[a,b.c] <hLT^£tt£ 
CifciSo £Lt. ^WlgliillcMLTSiW^^^llD^/cK 0 2 

^S«cD(0001)®±(c c h" > + LT^SC £*<3flPT?g J: 
9 (^0«ko»wfifeSLfc^l©g^b«!^3W*Ji©*Sat±. t7 7 ^7lSf;«L 
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5 gfc£/c*K H3 A~3Elc^J:9t-^7T'fT*filO(0001)C ffii±JCB^ 
»8M 0*Wf *IMtflt4^JdEX«««Lx IMV^mttK-V *=?£&&& 

m&%® Kmzimm:fm l T*^±jcsfl:«!tfy*<ttga 5 $ -a- /c 0 

*nn.2 : mmmm^nos to^ si 3 n< cs i n. > . s i 02 : 
10 p z Os (pso . siON&i/Ta2 Os Tti. mmm±izmf&z titzmt 

' *nm3 ^tTOaia^tas i c^BaT i o 3 -en. sft^aw* 

Si$f;:EitSni-£&& (1 0 8 -1 0"cm" 2 ©«Effi) xm§kXm<¥&£.LtZo 
(1 0 6 -1 0 8 cm" 2 ) C^rtWJLfCo 

25 1 o b ~i 0 11 cm- 2 <Dmm<&&m<DX!&fr%.z>ntzc tt*>\ C©^i:o^t 

#fiPj3#te> cnt>OfllM.2'-4*\<&»:©eift*»A:o 
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^xx$> k> . & o T*£^m {i#gs«ia-e *<s» $n^o 
Btuc-ofes&gi o 3 o °ck iia&Ltzo c(Dm&(Dmimimw(Dmfc<Dmm<D 

10 IMfcLTJ&dt<*nfc#liJtS i 0 2 l&l 0 l£flHK COS i 0 2 JK(clili©g 

tZo 

am. 5 : Gam?<DmM&m&Ltzmmzmmzttzm&£kfimi&zntz 0 

"$t>t'#^»S i0 2 JKOM^fiJcS^l 0 3 0 o CfC&*> N T>^-T^fflSv 
15 T- h y ^ f-/l/*f U *A (TMG) _h^©«eil«:^^A 

&ik*izfimzntzxm<D&mi*±&<Dmft.tktiLM:<Dm. a o< ~i 0 5 

cm" 2 ) ^iSrt^TlHltK b\z\£^XtemntfitmX16t*>-teit2>t><D*>& 

20 $L%wmit. ±&(Dn&&tfcnfa*mzftiL5iz^%mm®±^<Dmit® 

¥##<D*SIiricS8M«£El 4 A~ 4 E tc^^^yut LTjgf? <£feH 4 A 
~4E(OtfW GaJgH 1 (III ^5£^) £S;*U (V#ot3?) £11 

^tz^(Dm^(D^my3^%^nLtz^x7FLtz 0 wfi^ # 

(atomic migration) -5 *> U =i V©SMiK::fcl*TT--7 XtK^X^ «y 
«ii<bLTl£Lfc (1214 A) j&<. :o«It7>*-7«i:iti, 3SBB 
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©ck-9tc. Ill ^TC^cDGa^^LTS^m^ffi^L^r-? V^5c^ON 
H^tt. Ga :N=1 : 1 ttStt^fiifeJfc©^T£*&6\ fiP^it^^^S 
ui^MtS (El 4 B) o 

±lw4b%>TGaN*gS^^{Cg|^L^^^©N^3&<#«Ei-S*^ CCT'T 
10 fi^Jt{ci&o<o I1U Ga^feNH^^^Kit-fe^TiSl^S-Cl&^lHl 

z<DT\ zn^ms.^m^-r^mmttimm±^m^tLtzG a Noise* 

d^^^nSNi^&f/G a^©±-C{il^H^J(-G aN©^0^(^4 
(El 4 D) o ZCDte^ GaN&te&<D±T<D&Mkmiz&^Xl&M l mM:i)m 
15 *tU G a N*fif««Afttttt©m«*«-&ooi2^k-r* (El 4 E) o ELL© 

^isrr £ — 2u ^fiRis ©»«r*bb k#*e*- s htf©®^ «t *> 
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*mwm<»m*fctiL-tz>tzit>x*$>*). &w-tntiA 1 newborn 5 kiel/cg a 
mmm&mc&v sin j^^©^^^*, c <ha<«T*& N sil<« 

S^lO^tit^SC <h*<M£ L < ^ W.imL < {ill I jK5c^^«lfiJc5n^ 
tU^^HCi^L^o i&©&f}(2^k«^f*lp-£B, Al, 

Ga. In, T \KZ III m7cMO'PU< tblUtN, P, As, Sb, Bi 

20- loK-ovm^tmtLxN mm) ^^m^^-D^xn-ox^tztK ttz 

mmin -Vmt&to*mfcX&K>B--3tt&3f* (hexagonal system) <D«fi££ 
W-T £4W**£lif -o ^TfcCtlt. ©^f^l^ 7 -f - K' < y * X g S *> CD t * 

25 m&jjm&vxTimmTr&o zzx\,^¥m&ttmtte. ^mw^m^m^iz 



WO 97/11518 



PCT/JP96/02663 



<h#SR^©*»fc&^fc5f& 2 ©<®«*W U * 1 ©«*®5l>tt < £ 

in mTtmc t*)M, Ga, ai, i n) niN mm) 7tm 

2. ^##:^g^©j£ffl 
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^it'^+i/ + /i/fifcfi&ffi iz <fc 0 Bfife^- i3^*iilJl {cn^-r 4 

#ytm=?-ei±. %&#)m.mz&&.-tz>i&mxi&®mi)<i o< ~i o s cm- 2 ©® 

LTjt¥^^Mt 5^©^^T{1 **Wffi*»^i:*« 
25 1 0 8 ~ 1 0 ' ' c m- 2 t?*>So 
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(K^Wto K~7'S£i#A"££-So ^T3>^ hS^©^tt*l K-y(Ccfc£4- 

5 1 o ,8 ~i o ,6 cm- 3 *-^©i^MfiK*Tis^-T?££o *©»*s Wx.rt¥-m> 

^/s^o^lit (BH*fj£(Buried Heterostructure)) ^CDX b ^^^ittCJ: ^> 
*W***&B^£tffcKraj£LTk«fcli\> C©*§£> Xh7^yff^^-> 
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»£®;S&£(0001)C ®£ LT*3<o C©g^±(£fc^TX h^^lfig 

^{cfFSSI-rsch^TtSo Jt^H&Zinc Blende 

fflWcch^lcH. g«®#&£(lll) iHtfc(o C©»«±(c^h5^^ 

it^fP^Si^^U, ^S^©(110) B«cMifiT'*S*\ a-iomizm\&X'& 

20 wt- zmfo&mm. z c t ^mx& 0 

m&mmjjftizttL!:, — -{k^m^t—^mizm^it^-it^ztizji^. u 
-?m^<D&Mmmmzmmm?M!& j p& : ¥-mmgL£ Ltz%jtm&mtTtz z 

25 i^T'^So 1MISB^»¥ItX LTJ&J&U #^h7^f 
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— ttteJ&jfeSttfc (&W-r*lli\ BB8£SB©*£^) #n©j&o*fe*t 
10 (HEMT : High Electron Mobility Transistor ) iC^ffltSi^Wt'i^o 

imtfru-if*^©*tt&-rN as** 1 ? (led) , wr 

ltd SfSl©¥3IWIct:. *©±TK^»£3ttE.oSM ©¥*#»«* 
■ (I©* £ 2 ©¥##« £ S-^fro Sfl l <D*&N*m *t'J7 ^SAt £ 
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J&2. IK »2OJRIC*0igLT^fi« : F#F«iS*«iaL-Ct>J:^o 

&h?>isx**mmir2>±T*y}$i&]-7:'&t), corner- hm^ntx^M 
mi Aku *mwiz& z¥m&\s-vm?-<Dm¥nikcDmmm ami b<da- 

15 g| 1 BtiEl 1 AO^^P-if^Oite^itS^^gl^^So 

El 3 A~ 3 E li. *%H^©*gS^tS^ 1 fc§8 LT*£Sj«*:l$&?iJWt£jjrr 

Et-e&£ 0 

El 5 A~ 5 D(±. *%91®f£«ldiJfc&il!r2 JwB8LT»Sl*S«-«r^JW{-^-r 

25 EJ 6 B tt^tt&So— ^M®!MiBEr?& So 

EI 7 BtiEl 7 AOJR^^fife^nSlfeSffllv^^OiffiBI^-eiSo 

ei 7 c ttm^of&vm&mmmmx'&Zo 
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ms Bit, us A©^?*tcBfiJc$ns*fe^ig-7x^©±®Eir'*>So 

5 i9 BteH9 A<Dmi-*lz.m ft *ZC>±MmT:1r>2>o 
H 9 C ti&i^llv;0®te©#J©±MHT&£o 

go i o At*. *mwcDmmm 4 (D*m&ft%¥®-w<Dmffiwm~e$>2>o 
hi oBit, si o A<Dm^Kj&i&zftz&mm-?*?<D±&mx*&2>o 
m i i a ti. *mw<D$m&\ 5 cD^{*:^^-^i<DiaE»r®gi-^* *o 

10 Hi 1 B&> HI 1 A<Dm^KJ&i&ZftZfflfcm^*9<V±Mm-?:&Z> 0 

hi 2 Ativ ^^cDmrnmi <D^mwitm^(D-m(Dmmmm-v$>^ 0 

HI 2Bii. HI 2 Acomtt ft 2>&&m^X?<Z>±ffiMX*$>2> 0 
HI 3 A(i> #^<E>ltJfe0] 8 ©^-#^^;^©-^lO«tWf®H-e*So 
' H 1 3 Bit, H 1 3 A©#^t^filt$n<Slffeijt^X^<D±ffiHT'*So 
15 Hi 3C(i, ^Offe©^J<D«£»f®H-e*So 

H 1 4 Ait, 4&&\G>mm 9 cD^-^7t^©-^J©«t»f®H-e*So 

HI 4 Bli, ^^t-^fiJc^nSlfe^^X^^iEH^I-o 

HI 5Alt *f£Bfl<D5Ofe0»l 1 0 ©^ttft^©— #]©*6£»r®HT&6o 

h 1 5 Bit, h 1 5 Acomttiz&j&zftzmmm^Kt^ffimx'&Zo 

20 HI 5 Cit, ^©{fe©#]©i®»r®HTab£o 

hi 6Att *mn<D$mmi i©3uw*#*?<d— #]©*$*r®HT*>& 0 

HI 6Bli, HI 6 A©^4 3 ^^^nSi^«tM^x^cD±®H-C ; *»ao 
HI 6Cli, ^OffeO^]©ISt»f®HTf*So 

hi 7Att ^mn<omim\ \ 2<D*m>&iLm?<?>— #i©msri]HT££o 

25 H 1 7 Btt. H 1 7 A©i : F*l«$n5l6iIvX^0±Ig|'e*.io 

hi 7cii. mi-<of&(Dm^>m\srwm^m-to 

mi sAit, ^mm<Dmmmi 4©^^^©— mommmmr&Zo 

hi sat, *?©io^ioi»fii^*to 
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E12 0li. ^Sm^Sg^M (SEM) \z£K>m.fctStitzm5 Ci:ffi^t§ll 

10 <*§&/dcgfitflH > 

>T7SI1 ©(OOODMJiKS i 0 2 &&&&&& * C<DI*i(i. 7 •> 

15 O z JR«-»fidcS^c«fc»Jii[S^fiWSo ifcKS i O* K^iBtc^* hUi^xh 
«S***"7 7H (HF) ^i7f^« (i-y^+ > h) (C^SS i 0 2 

20 &<DSfS 3 ©Ifl>^£. EI 3 A~3D^#MLT^no ^2©X^T- 
If t>ttfcg££S&4 Ofl-S i O* Jg4 (JBtlBK S i O* I7X^ 4 

ti. Mr®t>©*<4*H55pL4 - 164 8 9 5^ (^S#fFm5, 334, 277 ^) icffitt 

(760Torr ) tc LT> CO^p{CT>^-T (NH, ) *f*£45#2~5 l> ? 
(2~5 SLM) . h 'J/fM'J^A (TMG) 1 0 c c (10 

seem) •vmnttmitmutL. mtuz-ky h$nf:t7 7 ^7iR«i 

0 3 OtMLfco 
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El 3 A - 3 C fcL 3 OISlci^mHti^^SG a N*SH©jdtS£Bf 
^JWJC^-To E££$4 0 rtt't 7 7 'f 7Sfi^I±i:G a NOftgl 

5 Oj&<J£f&£ft£ (HI 3 A) o -ec^^tiS^i^^^^t/N^S^oii-pfC 

5 (s em) -utm-t&t, m&&m^cW5n*Hzi>^x\.^ztti<mm'e% 

^fife^-S (13 3 B) o CCDcfc-ptCg^gStCf&gL/cG aN^itt t77^ 
*S (EI3C)oSP-£> Si0 2 l7X^4±SlcM$tl5GaN^lil^ 

s i o 2 4±izm&zntzimz&&wz**^?*->+ji<&5 2 1 

20 nfr&o S3 CCDBrMSrS i 0 2 ilMMfrbfi&t^ *tih*^^ 

+ /WSB5 2cD^g^ffi{C(^l 2 0° ©^Jg^rWrSDaG^rBsJc^n-C^fc (S 
3D) o :ftl^fnxf^->t ylxgp 5 1 i^ttttl^StS C ttcft^t 
&&CDT\ g££S|5<D*i^e>S i0 2 M^X^ 4±ffi^T-aaif^^> + 
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5 ©*£«£«©«* (EI 3 D©AfPit7 + y + ^5 l)TiO ! -10" 
cm' 2 . £M©&« (El 3 D©*txt^^>>t^5 2) T? 1 0< ~1 0 s 

p^L> ^M©X»«JKfc«^:l 0 6 ~1 0 7 cm- 2 ^lg-e*>o/co 
±*E©S i O z Rvx^ 4*fiJfflL«ft«^fl:©«ffeni:*tafiKSa*Jc:B8 

l> *&wmitmim*mft*m^tz*mfrmm<Dmm&mt t-cm 6 a© 

" (1) £ (2) »c^-^ , p-bx*tB6-r4o jR#©ttf&<hfcx **xE^ + ->t 

T*^»fWr3«*«&i!fr*Bie A (2) OiMSffltSCi*<SiL^ 0 
El 6 A© (1) (2) it. Ill O^fiJtL/c^c^En^IfilJC^ */yjr 
*firt\ IH6 BK^£?fci|M*©^{*U-- !fI?^S5o S^JCC ©¥>»{£ 
25 U— ^f^tis 4±tcJfcj£3ft^**ib***-> + /l/£|S (GaNf) Cn 

ffi©^»4»«- K-^Lf:nI?7»y K® 6 2inl©A 1 o > 5 G a 0 . M NiA>b 
tt&3fc#!&Ji 63, 7> Y—~f<D I n G a N^fiS^#F®^ t>^S?£tt® 6 6 % 
pS©Alo., 5 Ga...sN^b^5M$i (M^thf) . pI©GaN^^A 
5?7 7KI6 5, pl?7'y KJI 6 5 J:Dfcl»M©**fett«r£t?pS!GaN 
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+ », y zfm 6 8 % piii i o LT^^n. pio?7 * k® 6 5 

i:Sfeiitntifilc$ti/:niOG a NI 6 7 (ni^7 7 KJf £|S| U^U©* 

mm*t£fo ^tt®6 6 Ki&tfs** ur&Aisw&fBiiB-rso sij-b. d©3t 

^-etinMOG aNI67 #^jdc£nttl>««©T»©«iMa^Jl±©*^» 

tit, 06 A© (1) (2) fr^Wbfr-e&^Oo tt*>\ 06 A© (1) & 
Ef (2) ©«ftft#rlc*si.^Ttt. ^o^t-^^ait-Bti^S^iffliJ^^ y b°> 

10 ©"Zr&So 

JfcK*»l«J=at-5<8iJ©tg»B»a«*. 0 5 A~0 5 D0^atX7n-^ 

£ tztb \z U £ tifc & ©•£?£> -5 o 
15 tirs iMl 0 O^K^Biai^ffcBHfcL"^ *©Mi;:#SK© 
SiO 2 I101 &T&f£tZo 1 ©Hi LT. S i O* BthdG a NR 

05 a (i) tc^-r^^^wfffi^ijt^w-r^fiits^^f'Jffl-rso zcDpits is 

;&£r«&g-r£fc#>©*,M/^ (0^-fr-f) tc^ft LT&$fc©#xtfci£/ X)Vh<zfc 
Z>-fV- h*<2tfe#A-e^-5cfc^(C/j:oT^€)o CCDcfc^&J&g^. /fx#f& 

y x;w©ses©#tfc^ t>rawt- •> + ? - • ^ * KJpt^ 

£-f. + ♦ ^-y K^rt£*?Stt#x-t?*S3**fXT?'<--v>U *PF*3JE 
25 ttlhl 6 OTorrKlfc^LAiSL Mi&lMfcUfcS 0 0 ^rifegf So * 

{C. S i *K<fc*fX#*&V X/l/©IHJK 2 tfc©T'<-^-lr • h&ft Kt& 0 

Z.<Dt%, IM-fls- h©7^-f + «S i Oa J^l 0 1 ©&JB5fcft|I 
"FSB^U — h©T^-^ + (i±SP^l^- h^-etLifeg^r-r^^o CL©t^SlT\ 
h U * U >7 A (TMG) 77X£JLSR&£&5-f >7>t> 1 Osccm-eil^J 
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K&i&u T^-ris-hzms a en i-^-r^Ep^isjcxv-r klt, mitt 

{CTMG#X£-S i 0 2 m 1 0 1 ^®±{C^-r-g>o CtUCct«9s Si0 2 il 

5 ^2©II-CI4, HKT>^T (NHs ) #X£TS&{fe&5-f 2 ~ 5 

SLMT'tt^U C©#S§7r2tfc<£>T^-^+- • -f\s- h^mK>^~to Ztltm 

i&fai 0 o£*/i/^£#n 0 0 o^ic^t^s (Ei5B#j^) o 
4 *<s i 02 m 1 0 1 ±izm^ti^ m 5 o 0 m 2 0 m 5 c t^s^-s 

10 it^m^Igm^ (S EM) 2f*n**tK S i0 2 mi 0 l±i:M$n/:GaN 

CC1:\ 5 4*<S i 0 2 mi 0 lil^S^il^S^g 

£iti6> ^5 Ai)<Bf&2tlteK^S i 0 2 Ml 0 1 M<£S|5#tfHCi . y >^'L 

7?**o COii^ 1K«jIh1«S7 0£&/rT£^1I1£^#Jf£M«ig5 5©T 
8|5i:&It5 nS^ii:i^f^J: CML (I^-thf) . JMflHi 5 5 
±mztiLW-?Z pill 1 0 £SEI&[e]S& 7 0 £©IBnc**>-r-f >77 l&mffc-f 

£/c. i2 0lgi:tS i O z JRl 0 l$i:&i5 4 £«J#|ttPBf, (SP^k 

HF^©x 7 f + >M?S iO.1101 *7g#U ^54iSiSU 00 

TS i Cic/!#;5 £ 0 
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(pseudomorphic device) £8lJ&L/c£ # *&^g^g^Alc^9^XRS 

_ti&©3£ 1 ©Xilti. ^{dT-f ^Vk'-AJfcStK^oTkHfrTtSo -©0>J 
£13 5 A (2) ^#)ILt^t§„ *j|C*SKOS iO 8 I101 SrJEj&L 
10 /iS iStl 0 0£-^*>®S##rilg (S IMS) K#gU Ga>T*> 
&ljni&mEE 1 k V. J&Ufi 1 x l 0 1 3 i o n s / c m 2 i O * RjftfB^M4t 
L/co CZ-emmttzS IMS(t — HgCs tatic S IMSWnSt) 
©T\ tt*4Xffi©# l !%?-M*&*M<o#rmizm\,*h>ti&t>(D-e&& 0 C©S I 
' MS^m^Jgl 0" 5 ~1 0- 3 mA/cm ! ©^V^O. 5~5 k eVd* 

15 jis*--esmizmm-?z>AK monmos i MsctttMS i-momA/ 

cm 2 ©-f;f>£5~3 0 k e V0x^;^-t»SfcO^S o &#©^ 

S i 0 2 I^iS^OG a^*>Mtt(i. -f * > t*- A©i£S*<S i 0 2 J&^ci 
20 iCTl 0 0 AtU&XolzJjr^lt^'C&.'O&fr. m%tifffll*#}l®tLtio 

JR*tB*M«!>*ltPM\ * *>#^l-»#t>*irt:fc*--k * ^ 7 I' • 
t'-A^ji|S] LTlTofCo lOi^CLTS i0 2 Jg^SJcG aKT-^&tt 
5 3£5£j&LfcSL S iMl OO^SI MS^SKDttiU ±^©^ + '7- • 
'Sv K*p{£j£LTS5 2©XtIlcA£o C©<h*. ^Prt«^tt^^T*SS* 
25 (Ni ) T?/<-S>3nT*J»). i/:7^-f f^U-Mi^tltl^o S i 
I^yt'J-^^WiLf;^ h'J/f^^^ (TMG) 
±gg«^7-r>^t>l 0sccmT\ 7^-7 (NH 3 ) ifx&TBm&v 4 
yfrl>2~ 5 SLM^ifeU IrI^ICS iStl 0 O'&KJVyfrhmi 0 O 
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^iZ&^tzJJ-ytf-M.-zm&mtfL-fZyj&T'te. static S IMS 

*^Bflo^^ggCD— HSfe^j^ria 7 A&O'gl 7 B KJ: 0®flA-tZ>o E\ 7 A tC 
15 fcl^T. #|;Lli*(0001)C S^tSt^r'fT (a-Al 2 0 3 ) 1 ±t-. 

GaN/<.y7 7 l2, nMGaN ^fe^S 3 t^WtS&JgMffiJifcSSfclCj; *>*£Hfifcg 

mft&mmm^x? * (sms®) 4 os-u v^7-f-tx»;f> 

20 S 1 ©(11-20)A® ii^Pff ZiTjIaJ^IS^ LTfc < o *fe*ijg-7X 4 

TJgJ&^n*: 2 o®S!®«i:)ttLT, nMGaN ftaj&Jf 5 M&fifcg U *P£lIZ 

GalnN jE^S^FS^^^-Sff^M^mST^ffitt® 6 . pMGaN 7t#& 
25 17, pMGalnN h JI 8 £jlll#:!3:<x£ 0 #^ U V 7 >r -ic«fc «9 . 
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mmm. t-?zztt)<x£. mmytm&mz i ~ 3 p. mowm tttz t£izim#> 
&&BHnzk<Dmvrmm&mmi&t Lxwizctfrxztzo *mw<D^&xa. 
Mn^mfDmmm^^^mmmxim^tmmm^mmx^mi o 9 ~ 

5 1 0"/cm 2 <DmmxHr>6<DlZtt U *6il77^±t'i^*it7 + -> + ^ 

mm&m&om?* k> & i / 3 —1/4 m 

'&fgjg&gli4 10 — 4 3 0 nm(Dm,mx&^tZo 

15 *fc#^iis«©ay&0ii*Bi7 c (EI7BOB-B' mm) iz^io^wt &o * 

^3 — 7 jt/mcDfafflch-r-So £ t> JC U * 5> * h 5 -f ^ ©Mfflj«c*i&Ji 1 2 

20 t5o coiu&jgi 2(i. timm&mmLxmi&&z&tznmG*wMm?£mt 
Lxh, mnfcWffl&^nhtoXfetfLLxh^o mmm9&wfxw.mi <k 
i izfci&^&jim\*±M<Dti5K)x&*). ^(Dm&tLxwi cfr7K-tn=m 

TP-lfWPU ^fitw*5ttSHfeSafeStt4 l 0-4 3 0 nm©|Elffl-?*>ofco 

<mmm2> 
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tn*.-r. sis B^-r^mm^^^ mm^u) 4 

A(c^t-^^K£Wr® (|gl8C©C-C' Bfr®) 

15 < <h^Wfam^2/3^^ l/2CO|effilw^-rSCch7&<nJt6T^- 3 /Co 
^ttx £i&lc*S^Tfa55ftfi4 1 0 — 4 3 0 nm©|gffl-trL/-^«ifpLr % Co 
EI8CICii. *HMg«©^«*WfffiB|-e^t- S8BOC-C" Hfffi) 0 ^ 

¥(Dmtxmto9LtimsA<Dm&£mt-e&z&. ist-eML^ ^7c 

£ MMift&2 /Zfrh 1/2 ©ieffljcfiar^ /Co ^filwfc^T 
10-4 3 0 nmO|gffl-t?U-if»fFL/Co 

25 <rnmms> 

H3 9 A (lid 9 BOD — D' KrS) e ^©^fifeliUJfe^I 2 (Cfctf Sg| 8 C tWi L: 
ftt7XM^^-> OM#SP) 4 0«g|9 Bic^fi 



WO 97/11518 



PCT/JP96/02663 



10^4 3 0 nnKDmffiX'l'—fmftLtZo 

terns AizmczbcxD. tmm^*? * otmKZo 

^ £>4&liJgU:tc**r jl t: ^ * •> +• ^/fcg Lt#fc^ B 1iI*^^l±'e§Si: 
IN-V^^-^(*"C*5^b^l^#{*^^ (Nitride Semiconductor materials ) 
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&mLtz*=?£*)>\^<te9. *©*sj&. femmmmmmm^mtteK). mm 

4 1 0~4 3 0 nmCilTb- *fW)ftLtz 0 

5 <%mmi> 

^WRvmmwzmi oARtfEi oBicfcotMB-rso ^©fFsm^as 
^mzm^t^fz^aymmm-^^^ 4 ©/<*-> 4 ozmfx&< 0 :nta^ 

0IJfem©4^^#&&£&?iJKLfcX h^^^^fijcL. 7x-XF'7H 
10 ^&%«taS^rfPIB!-rSo SI OAttHl 0B©E-E' mW&irrfo 

Zmtz-fZt - K t L XM> \Z foil £ £ C <h o fc Q £ ©*£ 

mmm 1 j^m 3 ©!§£•£ k> bm&iimjft&miL. mm 2 -es&tt*:*^ 

15 ^ig&g 4 1 0 -4 3 0 nmcr>mmxU-*fW)ftLtz Q 

<$zmm5> 

muzm$mczi)<. tarmrn. 1 ±(c^j^{i'GaN /<»7ri2, t>k-^ 

GaN J§ 1 3, T > F-^GalnN/AlGaN - D B R#tigjiiS$tll 1 4 (DBR = 
20 Distributed Gragg Reflector ) , nMGaN XMUSlM 3 £*§HJ&M-r So ££Jc x 
mi 1 BK^-r£-?|C. jEAft^©^HvX^i:^l^^©^a{Cl5^T 

*j< 0 mmmi tmmzLxm8*xmj&Ltzik?)£m^xT y v- 

^GalnN/AlGaN -DBR«iti«S^l 5 &MlRtfLg:tZ>o DBR«|ifeiSS^ 
1 5liDBRfititi^&ttmi 4 »Ga I nNiiA 1 GaNIi^ 

*mte«©«fc-?t^. m&sesw& zm-tztmit^—r 

X=F-Zftm-tZm&. D B Rflf^i^SStlK 1 4 £ 1 5 tX\ Gain NISO 1 
A 1 G a N®©^tt < £ #©7t^3Ml£ (Ga : In^Al :Ga) 

s c tic ct t> *n-€-'n©st««it^(*«5«***<a^s«fc ttmt l 
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i\, mx.i*DBRffi&mm.%mi 5±m*is— vmrnmrnt-t ^mmmx-it, 

Ci^ItL^o Sfc. D B R1ti^S#tJg£ 1 4li. 6 £^M^#FMff 

^^i@*&^«|jS<!:-r^l#^ I»Wbn/:^77rl2 tm&M 6 £© 

#tf3£## - if #WSS!y n -t? x ©IftW J-M £ o 

M 1 2 £*J6&* V 9 £J£j*lT£o _tSB©D B RStiftSSStlS 15tt,« 

10 1 1 A© c k9{Cj^J5Sc-r'So pfld*ffitnW*S«:JMILT. Xh7-f^ 

Ell 1 A»c^^|g£»fffi^»S (Ell 1 B©F-F* mm) o 

tz \s-vfm<Dtzto<D#mmm&L) &f&te £ tz Q *mtem*w-f*mi* u — »r 

20 DBR«it«S^{CJ:-D-C. iS® (D B RmmMKttm 1 5©±®) © 

KW£9 5- 9 9 %J£t±©i^HK(C^&::!££T?#. HSfe^J 1 4 K^L/c 

$ < -e^/co mMM 3 ©^(cit^-r, < t kfflmmmt: \/ \ 0^1/ 

3 0 Km&irZZtfr*l1fc~ZZr>^tz 0 ^m^rit. SilfcHs^TJftlBfcft 4 1 0~ 
25 4 3 0 n m©$gfflT? U -If' tfjfp L /c 0 
<*»J6> 

#IPjj0te^W£!fcBHt-S o *HJfe^lX(i. f7 7 -f7( a-AI 2 0 3 ) £*£© 
Rt>KU^ g*£l ^r7N^^Wurtzite^it-e*>«9S^ffi^fe^(0001)C ®T*>£ 
n®©J£*fcg*( a-SiC) tLT, ^©±ic nMGaN /< y 7 r JB^IftttT. *© 
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